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(54) Title: AN ORAL INHALER 




(57) Abstract 

An oral inhaler for use in inhaling a powdered or particulate medical product comprises a chamber (14) for containing the; 
medical product, a mixing chamber (16), a gas flow passage (17) connected to the mixing chamber, and a pressure gas source or 
pumping device (40) for briefly providing in the gas flow passage a vigorous gas flow directed towards the mixing chamber. In 
order to obtain a high velocity of the gaz flow, the gas flow passage (17) has nozzle-like restrioion (18). The product chamber (14)j 
is communicating with the gas flow passage (17) at the restriction (18) or adjacent thereto so as to draw product from the product 
chamber into the gas flow by ejector effect, whereby the product is disintegrated in small respirable particles, which are thorough- 
ly mixed with the gas flow. A product reservoir (1 1) may be pro^dded for containing a produrt supply suflicient for several inhala- 
tion procedures. The medical product may, for example, be transferred from a product reservoir to product chambers or metering' 
chambers (14), which are defined in a rotatable cylinder or drum (38). The pressure gas source may be a pump'mg device, such as; 
a piston pump. However, the pumping device preferably comprises a pumping chamber having a springy, diaphragm-like walls 
part (40). 



BNSCXXID: <WO 9007351 A 1J_> 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing intemationa] 
applications under the PCT. 



AT 


Austria 


ES 


Spain 


MG 


Madagascar 


AU 


Australia 


n 


Finland 


ML 


MaH 


B8 


Barbados 


FR 


Fianoe 


MR 


Mauritania 


BE 




GA 


Gabon 


MW 


Malawi 


BF 


Budtina Fasso 


GB 


Uo^ Kingdom 


NL 


Netherlands 


EG 


Bulgaria 


HU 


Hungary 


NO 


Norway 


BJ 


ficniD 


ff 


Italy 


RO 


Romania 


BR 


Brazil 


JP 


Japan 


SD 


Sudan 


CA 


Canada 


KP 


Democratic People's Republic 


SB 


Sweden 


CF 


Central Afrkas Republic 




of Korea 


SN 


Senegal 


CG 


Congo 


KR 


Repubfic of Korea 


su 


Soviet Union 


CH 


Switzerlaiid 


U 


Uecfatensiein 


TO 


Chad 


CM 


CameiDon 


LK 


Sri Lanka 


TG 


Togo 


D£ 


Gennany. E%deral Rcpubficof 


LU 


LuxBfflbourg 


US 


United States of America 


DK 


Denmark 


MC 


Monaco 







BNSCXXI D: <WO 900735 1 A 1J^> 



wo 90/07351 PCr/DK90/00005 



AN ORAL INHALER 

The present invention relates to an oral inhaler for use in inhaling 
a powdered or particulate medical product. 



Medical treatment of bronchial asthma and other diseases may be 
5 performed in different ways. The most effective manner of administra- 
tion is to let the patient inhale the medical product directly into 
the bronchial tubes of the lungs. However, the medical product par- 
ticles cannot penetrate sufficiently deeply into the bronchial tubes 
unless they are very small. Thus, only particles having a diameter of 
10 less than 7 fim have a chance to penetrate completely into the 

bronchial tubes. Particles having such a small size that they may be 
deposited in the bronchial tree by aspiration are called "respirable 
particles" . 



Up till now it has been attempted to make medical product particles 
15 respirable in two principally different manners: 

In the first manner, an aerosol spray is discharged from a small 
aerosol container in which the medical product particles having a 
size of about 3 fim are dispersed by means of Freon under high pres- 
sure (400 kPa) . In order to prevent the particles from lumping 

20 together in the Freon atmosphere it is necessary to add different 
surface tension reducing agents and lubricants, which for some 
patients may give rise to side effects when inhaled. Due to the high 
pressure within the aerosol container a metered amount of the medical 
product is discharged therefrom at a rather high velocity (100 km/- 

25 hour) . For that reason it is rather difficult for many patients to 
inhale the medical product from a usual aerosol container in a cor- 
rect manner. Thus, even after having been instructed by a doctor or a 
nurse more than 50% of the patients are not utilizing the aerosol 
efficiently. It has been tried to solve the problem by inserting 

30 various spacers or spacing tubes between the aerosol container and 
the mouth of the patient. The velocity of the particles are reduced 
within such spacers to such an extent that the patient may inhale the 
particles more easily. This solution involves the problem that the 



BNSDOCID: <WO_9007351A1_I_> 



wo 90/07351 



PCr/DK90/00005 



10 



15 



aerosol container with the spacer is so bulky that the patient cannot 
always bring it with him/her. 

In another manner for making the medical product particles respirable 
a powder inhaler with a powdered medical product is used. Such pow- 
dered product tends to lump together and form rather big particles 
with a diameter of several hundred ,xm. The various known powder 
inhalers vary with respect to the . manner in which the correct amount 
of tiie medical product is metered. Thus, in some inhaler packings or . 
capsules in which metered amounts of the medical product is packed 
separately are used. In other powder inhalers quite different prin- 
ciples are used, but for all such powder inhalers it is a common 
feature that the medical product cannot be irfialed by the patient in 
the form in which the product is present in the inhaler, because the 
medical product particles are too big. Therefore, the patient has to 
supply energy to the particles so that each of them is disintegrated 
in several thousand smaller pieces with a diameter of 1-50 pm. This 
energy supply to the product particles must come from the inhaling 
force of the patient. The higher air inhaling rate the patient is 
able to provide, the more forceful turbulence is created in the 
powder inhaler, and the more respirable particles are formed. There- 
fore, fast inhalation gives rise to the formation of many respirable 
particles, but causes simultaneously that the number of respirable 
particles reaching the outer branches of the bronchial tubes is 
reduced, because it is necessary to inhale rather slowly in order to 
get the particles into the outer branches of the bronchial tubes. 
Moreover, many asthmatic patients are not able to inhale air with a 
velocity which is sufficient to disintegrate the medical product 
particles to such an extent that they become respirable. For the 
above reasons many patients cannot be given an optimum treatment with 
30 inhalation therapy. 

An inhaler of the aerosol type is disclosed for example in US patent 
No. 3,809,084. and powder inhalers are disclosed in for example 
Swedish patent No. 453,556 and German patent No. 2.440.623. The 
German patent discloses a powder inhaler, in which the gas flow 
35 passage is formed with a restriction or throat, and the product 

chamber is communicating with the restriction of the gas flow passage 



20 



25 
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through a capillary tube, whereby the medical product may be drawn 
into the restriction of the gas flow passage through the capillary 
tube and may be dispersed in the gas flow without using movable 
parts , 

5 The present invention provides an oral inhaler of the above type in 
which the proportion of respirable particles obtainable is drastical- 
ly increased. 

Thus, the present invention provides an oral inhaler for use in 
inhaling a powdered or particulate medical product and comprising a 

10 chamber for containing the medical product, a gas flow passage defin- 
ing a restriction or throaty and means defining a connecting passage 
interconnecting the product chamber and the flow passage at the 
restriction or adjacent thereto so as to allow product to be drawn 
into the gas flow passage by ejector effect, and the irihaler accord- 

15 ing to the invention is characterized in a pressure gas source com- 
municating with the gas flow passage for briefly providing a superat- 
mospheric pressure in one end of the gas flow passage so as to pro- 
vide a high velocity gas flow through the restriction or throat. 

It has been found that the use of a pressure gas source in combina- 
20 tion with a restriction or throat in the gas flow passage gives rise 
to a drastic increase of the proportion of respirable particles 
dispersed in the gas or air flow, and the provision of such dispersed 
respirable particles is not dependent on the ability of the patient 
to inhale vigorously. 

25 The pressure gas source may be of any suitable type, such as a con- 
tainer or can containing pressurized or liquefied gas or air and 
having a valve for releasing small amounts of air or gas at a super- 
atmospheric pressure r The pressure and the amount of gas released 
should be sufficient to generate a gas flow through the restriction 

30 of the flow passage at such a velocity that product is drawn from 
the product chamber into the gas flow and that most of the product 
particles are disintegrated to such an extent that the disintegrated 
particles become respirable . 
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If the pressure gas source is a container containing pressurized air. 
the inhaler vill be too bulky to be carried by the patient, and the ' 
use of a container containing a liquefied propellant gas, such as 
Freon. may involve undesirable side effects as explained above. 
Therefore, in a preferred embodiment the pressure gas source com- 
prises a manually operatable pumping device comprising a pumping 
chamber communicating with the gas flow passage, the volume of the 
pumping chamber being reducible by operating the pumping device. The 
pumping chamber may totally or partly be defined by a displaceable or 
deformable wall part which may possibly be moved by means of manually 
operatable moving means. As an example, the pumping chamber may be 
formed like a balloon, a bulb, or any other elastically compressible 
body. Alternatively, the pumping device may comprise a piston pump 
having a displaceable wall part formed like a piston which is ar- 
ranged within the pumping chamber of the inhaler, and a piston rod 
connected to the piston and having a free end which extends from the 
inhaler and is provided with an actuating member. In connection with 
the said restriction or ejector nozzle, such a pumping device may 
generate a flow of gas or air. which is sufficient to suck. or draw 
the medical product from the product chamber into the gas flow and to 
disintegrate the product particles to such sizes that they are respi- 
rable and may be dispersed in the gas or air being pumped. By using 
such pumping device the propellant may be atmospheric air. and the 
use of a special propellant gas, which may have undesired side ef- 
fects for the surroundings as well as for the patient when inhaled, 
is avoided. 

The amounts of the medical product to be inhaled are normally very 
small provided that the inhaler is able to disintegrate the powdered 
or particulate product into particles of which substantially all are 
respirable. If this is the case the dose necessary normally amounts 
too 25-500 micrograms provided that no filler agents are used. It has 
been found that by using the inhaler according to the invention, 
doses of this order and also substantially greater doses may effi- 
ciently be sucked from the product chamber into the restriction of 
the gas flow passage and dispersed in the air flow in a respirable 
condition even though a relatively small air volume is pumped through 
the gas flow passage by means of the pumping device. Furthermore, it 



wo 90/07351 



PCr/DK90/00005 



has been found that the proportion of the medical product which is 
made respirable when sucked into the gas flow passage is increased 
when the velocity of the air flowing through the gas flow passage 
and the restriction thereof is increased. Therefore, it should be 
5 aimed at to obtain an air flow at a rather high velocity, such as 
200-400 km/hour in the restriction of the gas flow passage during a 
rather short time period. According to the invention such brief air 
flow at a high velocity may be obtained when the moving means or the 
movable wall part of the pumping chamber comprises spring means , 

10 which may be prestressed. If the pxamping device comprises a piston 
pump, the piston may, for example, be actuated by a coil spring or 
another spring device, which may be prestressed when the piston is 
moved to a retracted position in which the piston may be re leas ably 
retained by a locking device. When the piston is released, for ex- 

15 ample by manually operating the locking device, the prestressed 

spring may move the piston through a short pimping stroke under the 
influence of a high spring force. 

Alternatively, the deformable wall part may comprise a curved, sprin- 
gy diaphragm -like wall part movable between two stable positions, in 

20 which the wall part is convexly and concave ly curved, respectively. 
By moving the springy membrane from one of these stable positions to 
the other, namely from the convexly curved to the concave ly curved 
position, the volume of the piimping chamber may be reduced rather 
suddenly due to the fast movement of the membrane, whereby a high 

25 velocity air flow of a short time duration is obtained in the gas 
flow passage, whereby it is obtained that most of the medical pro- 
duct, which is drawn into the gas flow passage becomes respirable. 

According to another embodiment, the gas flow passage may be closed 
by a manually operatable valve arranged between the ptamping chamber 

30 and the restriction. Thus , when the valve is closed, the pumping 

device may be operated so as to obtain a suitable superatmospheric 
pressure within the pumping chamber. The pressurized air within the 
pumping chamber may then be released through the restriction of the 
gas flow passage when desired by opening the valve. Consequently, 

35 this embodiment of the inhaler will function like a kind of air gun 
or air pistol, by means of which a high velocity air flow of a short 
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time duration may be provided through the gas flow passage correspon- 
ding to the barrel of the gtm or pistol. 

Thus, when the inhaler according to the invention is operated a 
relatively small volume of gas or air is caused to flow through the 
restriction of the gas flow passage at a relatively high velocity 
(for example 200-400 km/hour). The low static pressure, which is 
thereby generated in the restriction, causes that medical product 
from the product chamber is rapidly sucked into the restriction of 
the gas flow passage. When the product is moved further through the 
gas flow passage it will become influenced by the concentrated, high 
velocity air or gas flow from the restriction giving rise to heavy 
turbulence, lAiereby the product particles are disintegrated into 
respirable particles. Because a relatively small gas or air volume is 
used for operating the inhaler, the flow emerging from the restric- 
tion or throat will soon expand, whereby the flow velocity is rather 
rapidly reduced to about 0 even when the expansion volume is rela- 
tively small. Then the air or gas with the respirable particles 
dispersed therein may be inhaled in a normal manner. Thus, the vigo- 
rous gas or air flow formed in the restriction of the gas flow pas- 
sage has a double function. Firstly, it should cause suction of 
medical product from the product chamber into the gas flow passage, 
and. secondly, it shotad cause disintegration of the product into 
respirable particles to an extent which cannot be obtained by conven- 
tional inhalers apart from aerosol inhalers in which a propellant gas 
25 under a rather high pressure is used. 

The product chamber may be adapted to receive a single dose of the 
medical product, which may be packed in a manner known per se, for 
example in a blister packing or in a capsule, which must be punctured 
or opened before use of the medical product.. However, in a preferred 
embodiment the product chamber is in the form of a metering chamber 
connected or connectable to a product reservoir arranged within the 
inhaler. The product reservoir may then contain a product supply 
comprising several doses , an each time the inhaler is to be used 
medical product may be transferred from the reservoir to the metering 
chamber in a suitable manner. The metering chamber may have such a 
size that it contains a suitable dose when filled. The medical pro- 
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duct may be transferred from the product reservoir to the metering 
chamber in any suitable manner, for example by means of a mechanism 
as that disclosed in. Swedish patent No. 453,566. 

The product reservoir may be connected to the metering chamber 
5 through a plurality of small openings, such as the openings defined 
in a sieve- or grid- like wall part. Particles lumped together in the 
product reservoir may then to some extent be disintegrated when the 
product is transferred to the metering chamber. 

The restriction of the gas flow passage may open directly into a 

10 mouth piece formed on the inhaler. In such case the patient has to 
put the mouth piece into the mouth prior to operating the inhaler, 
and the brief air flow provided by means of the pximping device as 
well as the product particles dispersed therein flow directly into 
the oral cavity of the patient, where the velocity of the air flow is 

15 drastically reduced. The patient may then inhale the medical product 
dispersed in the oral cavity. Alternatively, the restriction of the 
gas flow passage may open into one end of a mixing chamber having 
another end coEomunicating with an inhaling mouth piece. When the 
inhaler is operated, the velocity of the air flow emerging from the 

20 gas flow passage will be reduced to a rather small value within the 

mixing chamber, so that the mixing chamber is filled or almost filled 
with the gas or air forced through the restriction of the gas flow 
passage and by the respirable product particles dispersed therein. 
The patient may then operate the pumping device or another pressure 

25 gas source for providing a gas or air flow with dispersed product 

particles, and, subsequently, when the gas flow has ceased, the dose 
of aerosol formed in the mixing chamber may be inhaled therefrom. 

Means for creating turbulence in the gas or air flow may be provided 
in the gas flow passage or in the mixing chamber downstream of the 
30 restriction or throat. Such means which may, for example, be helical- 
ly shaped guiding fins or other turbulence creating means , may partly 
promote the disintegration of the product into respirable particles 
and partly promote a liniform distribution of the particles in the air 
or gas flow. 
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In order to obtain a sufficiently high velocity of the gas or air 
flow in the restriction of the air flow passage to form the desired 
respirable particles , the diameter of the restriction or throat must 
be relati^7^ely small. In a preferred embodiment the diameter of the 
restriction should be greater than 0.1 mm and smaller than 1 mm, for 
example 0.7-0.8 inm. The diameter could be 0.1-0.5 mm, for example 
0.3-0.4 mm. Normally, the passage connecting the product chamber 
with the restriction of the gas flow passage should have a diameter 
which is greater than the diameter of the restriction. Otherwise, the 
frictional forces influencing the product flowing from the product 
chamber into the gas flow passage would be too high. Thus, the diame- 
ter of the connecting passage preferably exceeds 0.5 mm and is prefe- 
rably 0.5-1,5 mm, for example about 1 nun. 



The invention will now be further described with reference to the 

15 drawings, wherein 

Fig. 1 is a diagrammatic sectional view showing part of a first 
embodiment of the inhaler according to the invention. 
Fig. 2 is a side view and partially sectional view of a second em- 
bodiment of the inhaler according to the invention, 

20 Fig. 3 is a side view and a partially sectional view of a third 
embodiment of the inhaler according to the invention. 
Fig. 4 is a side view and partially sectional view of fourth embodi- 
ment of the inhaler according to the invention. 

Fig. 5 is a diagrammatic plan view and partially sectional view of a 
25 fifth embodiment of the inhaler according to the invention, and 

Fig. 6 is a side view and partially sectional view of the embodiment 
shown in Fig. 5. 

All of the embodiments of the inhaler according to the invention 
shown in the drawings comprise a housing 10 defining a reservoir 11 
for a medical product. The reservoir 11 may receive a supply of a 
powdered or particulate product which may. for example be contained 
in a perforatable product package, and the reservoir 11 may be con- 
nected a metering chamber 14, for example via a plurality of narrow 
openings or bores 13. The metering chamber 14 is communicating with a 
35 mixing chamber 16 via a connecting passage 15. The mixing chamber 16 
is connected to a pressure gas source 12 through a gas flow passage 



30 
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17, which defines a nozzle-like restriction 18 at its one end opening 
into the mixing chamber 16 . The connecting passage 15 opens into the 
gas flow passage 17 at or immediately adjacent to the restriction 18, 
» so that the ejector effect caxised by gas or air flowing through the 

5 nozzle- like restriction 18 generates a vacuiam within the connecting 
passage . 

The product reservoir 11 may be closed by a re leasable lid or cap 19 
so that a new supply of product or a new product package may be 
inserted into the product reservoir 11 from time to time. The product 

10 package may be perforated or opened before it is inserted into the 
reservoir. Alternatively, cutting or puncturing means (not shown ) 
may be arranged in the reservoir for automatically opening the pro- 
duct passage when it is inserted. It is also possible - but less 
convenient - to pour the powdered product into the product reservoir 

15 from a larger supply container. 

The housing 10 is preferably made from metal and/or plastic, but may 
be made from any other suitable material. Depending on the material 
and the shape chosen, the housing may be made as a unitary body or be 
composed by two or more separately manufactured parts. The housing 

20 has a mouth piece 20 which is adapted to be put between the lips of a 
patient when the inhaler is used. In the embodiment shown in Fig. 1 
the pressure gas source comprises a piston pump in which the gas flow 
passage 17 defines a continuation of the pump cylinder 21 in which a 
piston 22 is arranged so as to be displaceable therein. The piston 22 

25 is connected to a piston rod 23 which may be connected to an actuat- 
ing member or an actuating mechanism by means of which a fast forward 
movement may be Imparted to the piston. The piston may be returned to 
its retracted starting position by means of a return spring or ano- 
ther rettirn means, not shown. 

30 When the inhaler is to be used it is positioned with the mouth piece 
20 in an upward direction. Powdered medical product may then flow 
from the product reservoir 11 through the openings or bores 13 into 
the metering chamber 14 so as to fill the same. The wall part in 
which the narrow openings or bores 13 are defined may be sieve- or 

35 grid- like so that only particles not exceeding a certain size may be 
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passed into the metering chamber. Now, by operating the actuating 
member connected to liie piston rod 23 the user may move t:he piston 12 
towards the restriction 18 to obtain a short, quick pressure stroke. 
This action generates such a superatmospheric pressure within the 
pumping cylinder that a vigorous air flow, which is directed towards 
the mouth piece 20. is created with the gas flow passage 17. Within 
the restriction 18. where the cross section of the gas flow passage 
17 is rather small, for example with a diameter of 0.1-0.5 mm, the 
velocity of the air flow will be rather high, for example 200-400 
km/hour. This creates a rather low sub -atmospheric static pressure 
within the restriction. Because the connecting passage 15 opens into 
the restriction, the vacuum generated therein causes powdered product 
to be drawn from the metering chamber 14 and into the air flow 
through the restriction 18. The high velocity of the air flow and the 
vigorous turbulence created thereby cause that almost all of the 
product is disintegrated into respirable particles. The suction of 
powdered product from the metering chamber 14 into the restriction 18 
is made possible by a venting passage 24 in the housing 10 communica- 
ting the ambient atmosphere with the metering chamber. Thus, the 
vacuum generated in the restriction 18 causes air to flow from the 
ambient atmosphere through the venting passage 24, the metering 
chamber 14, the connecting passage 15 and into the restriction 18, 
whereby product from the metering chamber 14 is entrained with the 
air flow and introduced into the restriction 18. Simultaneously with 
or immediately after the operation of the pumping device, the patient 
may insert the mouth piece 20 between the lips and inhale the air and 
the respirable medical product particles dispersed therein from the 
mixing chamber 16. Turbulence generating means, not shown, for im- 
proving disintegration of the medical product particles may be posi- 
tioned between the restriction 18 and the mixing chamber 16. 

In the embodiment shown in Fig. 2 the pressure gas source 12 is also 
in the form of a piston pump, but in this case the axis of the pump- 
ing cylinder 21 extends transversely to the longitudinal axis of the 
inhaler. The free end of the piston rod 23 is pivotally connected to 
one end of an operating member 25 formed like a lever of second 
order, and the other end of the operating member is pivotally con- 
nected to the housing by means of a hinge connection 26. A spring 27 
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surrounding the free end of the piston rod 23 is adapted to move the 
piston through its suction stroke. 

Adjacent to the mouth piece 20 the mixing chamber 16 comprises an 
enlargement 29, which may serve as a reservoir for the medical par- 
5 tides, which have been drawn out from the metering chamber lA and 
are dispersed in air by operation of the inhaler. 

The inhaler shown in Fig. 2 functions in substantially the same 
manner as described above in connection with Fig. 1. The enlargement 
29 may have such a size that substantially all of the dispersion of 

10 air and medical particles formed by operation of the inhaler remains 
in the mixing chamber 16 and its enlargement 29 . That means that the 
patient need not inhale until the medical product has been dispersed 
by operating the operating member 25. During inhalation, replacement 
air may flow into the mixing chamber 16, 29 via bores, now shown, 

15 extending through the wall of the mixing chamber, whereby the inner 
space of the mixing chamber is in communication with the atmosphere. 
The mouth piece may be protected by a removable lid or casing 30 when 
the inhaler is not in use. 

In the embodiment shown in Fig. 3, the pressure gas source 12 also 

20 comprises a piston pump with a pumping cylinder 21 having a movable 
piston therein mounted on a piston rod 23. The opposite end of the 
piston rod is connected to a cap -shaped member 31 siirrounding one end 
of the housing 10, and the piston rod 23 is surrounded by a coil 
spring 32 functioning as a tension spring and serving for bias sing 

25 the piston 22 towards a retracted position. However, the piston may 
be retained in an advanced position shown in Fig. 3 by means of a 
locking member 33. The locking member 33 is surrounded by a spring 34 
for moving the inner end of the locking member 33 into the piston 
path. A valve member is mounted in the gas flow passage 17 and is 

30 biassed towards a closed position by a spring 36, in which position 
the connection between the pump cylinder 21 and the throat 18 of the 
gas flow passage is tightly closed. The valve member 35 may, however, 
be moved to an open position by means of an operating member 36, 
which is shaped like a lever of first order and mounted in a recess 

35 37 of the housing wall. The operating member 36 is moved to the open 
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position towards the bias of the spring 34. When the inhaler shown in 
Fig. 3 is to be used the metering chamber 14 is filled with medical 
product from the reservoir 11 in a manner described above. The piston 
22 is in its retracted position, in which it is out of engagement 
with the locking member 33 and in which the return spring 32 is 
unstressed. The valve member 35 is in its closed position. Now. the 
user may apply an inwardly directed pressure to the cap-shaped member 
31. whereby the piston 22 is moved inwardly in the cylinder 21 so as 
to compress the amount of air trapped within the cylinder. A cam 
surface formed at the free end of the locking member 33 may during 
the forward movement of the piston 22 cooperate with a corresponding 
surface at the front side of the piston so as to move the locking 
member 33 from the path of the piston towards the bias of the spring 
34. When the piston has passed the locking member 33 it is returned 
to a position in which it extends into the path of the piston behind 
the piston under the bias of the spring 34. Thus, the piston 22 Is 
locked in its advanced position. The user may now place the mouth 
piece 20 between the lips and move the valve member 35 to its open 
position by operating the operating member 36. This means that the 
compressed air within the cylinder 21 suddenly expands through the 
gas flow passage 17 and its restriction 18 so that an air flow at a 
high velocity is provided during a short time period. Medical product 
from the metering chamber 14 will then be sucked into the restriction 
18 and dispersed in the air flow as explained above. When the patient 
has inhaled the amount of air having the respirable medical particles 
dispersed therein, the piston 22 may be released by withdrawing the 
locking member 33 from the path of the piston. The spring 32 will now 
move the piston 22 and the cap-shaped member 31 to a retracted posi- 
tion. whereby a new amount of air 21 is sucked into the cylinder 21 
because the valve member 35 is retained in its open position. When ' 
the operating member 36 is released and the valve member 35 has been 
returned to its closed position, the operation of the inhaler descri- 
bed above may be repeated. In the inhaler shown in Fig. 3 a high 
velocity air flow of a short duration is provided through the gas 
flow passage 17 in a manner similar to the operation of an air gun or 
an air pistol. 
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In the embodiment shown in Fig. 4 the inhaler comprises a metering 
mechanism having a rotatable drum or disc 38 with an annular arrange- 
ment of metering chambers 14. When the drum 38 is rotated, the meter- 
ing chambers 14 are successively positioned opposite to the product 
5 reservoir 11 and the connecting passage 15, respectively. This meter- 
ing mechanism may be of a type similar to that described in Swedish 
patent No. 453,566. 

In Fig. 4, the pressure gas source 12 comprises a pumping chamber 39 
partly defined by a concave arched depression at one end of the 

10 housing 10 and partly by a springy diaphragm or membrane 40 which is 
convexly domed in its unstressed condition. This spring membrane may 
be moved between its convexly domed position shown in Fig. 4 and a 
concavely arched position in which the membrane is substantially in 
abutting engagement with the arched wall surface of the housing 10 as 

15 indicated in broken lines in Fig. 4. The spring membrane 40 may be 
provided with a centrally arranged pressure button 41. 

When the inhaler shown in Fig. 4 is to be used, the protecting cap 30 
is unscrewed from the housing 10, and it should be ascertained that 
the drum 38 has been moved to a position in which a metering chamber 

20 filled with medical product is in communication with the connecting 
passage 15. Thereafter, a pressure force is applied to the button 41 
by a finger so as to rapidly move the spring membrane 40 from the 
position shown in solid lines to the position shown in broken lines 
in Fig. 4, This means that a high velocity air flow of short duration 

25 is generated in the gas flow passage 17 and in its restriction 18, 
whereby medical product is drawn from the metering chamber 14 into 
the restriction 18 through the connecting passage 15 as previously 
explained, and the product sucked into the restriction is dispersed 
in the air contained in the mixing chamber 16. The patient may now 

30 inhale the air and the respirable medical particles dispersed therein 
from the mixing chamber 16. The spring membrane 40 is now moved back 
to its convexly domed position shown in solid lines in Fig. 4 and the 
drum 38 is advanced by one step. Thereafter, the inhaler is again 
ready for use. 
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The embodiment of the inhaler shown in Figs. 5 and 6 are of a gene- 
rally flat shape, and the pressure gas source comprises a piston pump 
with a piston 12 having a relatively large diameter and a pumping 
cylinder with a relatively short axial length. The piston may be 
operated by means of an integral pressure button extending outwardly 
from the housing 10, and a return spring member 43 is arranged within 
the pumping cylinder. The gas flow passage 17 comprises a narrow 
bore forming the restriction 18 opening into a wider end portion 44, 
which communicates with the mixing chamber 16 through a plurality of 
transverse discharge openings 45. A wall or projection 46 arranged at 
the end of the wider portion 44 of the gas flow passage extends 
transversely from a side wall of the housing so that the mixing 
chamber 16 communicates with the opening of the mouth piece through a 
passage 47 defined between the free edge of the projection 46 and the 
15 housing wall. Replacement air may flow into the mixing chamber 16 
throug venting openings 48, 

It: should be understood that: various amendments and modifications of 
the embodiments shown in the drawings could be made within -the scope 
of the present invention. As an example, the piston pxjonp shown in 
Fig. 3 may be replaced by a ptamping device with a pumping chamber 
defined by elastically deformable wall parts. Thus, the piimping 
chamber may be formed like a rubber bulb or a balloon provided with 
one-way valves . 

In the embodiments shown in Figs. 2, 5 and 6, the piston pump 21, 22 
25 may, for example, be replaced by a pimiping chamber defined by a 

spring membrane 40 as that shown in Fig. 4. This spring membrane may 
be operated by the lever -like operating member 25, whereby the neces- 
sary operating pressure may be substantially reduced. The operating 
member 25 may possibly be adapted to deform the spring membrane to 
such an extent only that it automatically moves back to Its starting 
position when the operating member is released. Alternatively, the 
operating member for operating the spring membrane 40 may be shaped 
like a cap corresponding to the cap 31 shown in Fig. 3 and connected 
to the housing 10 by screw threads having a large pitch. The spring 
35 membrane 40 may then be operated by rotating such cap. The embodi- 
ments shown in Figs, 1-3 may be provided with metering mechanisms 



20 



30 
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similar to that disclosed in the previously mentioned Swedish patent 
No. 453,566 and that indicated and described in connection with Fig. 
4. Generally, the pressure gas source 12 may comprise any device by 
means of which a high velocity air or gas flow of short duration may 
5 be provided in the gas flow passage 17. 

EXAMPLE 

In an inhaler of the type shown in Figs. 5 and 6 the outer diameter 
of the piston 22 is 50 mm and the piston stroke is 6-10 mm. This 
means that for each operation of the piston of the inhaler a volume 

10 of 10-20 ml air is compressed rather suddenly and discharged through 
the gas flow passage 17. The gas flow passage 17 has a minimum diame- 
ter of 0.7 mm, and the connecting passage 15 is a bore with a diame- 
ter of about 1 mm. By depressing the piston 22, a powdered product 
contained in the product chamber 14 may be drawn into and dispersed 

15 in the air flow through the passage 17 substantially as respirable 
particles . 
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CIAIMS 

i. An oral inhaler for use In inhaling a powdered or particulate 
medical product and comprising: 

a chamber Ci4) for containing the medical product, 
5 a gas flow passage (17) defining a restriction or throat (8), 

and 

means defining a connecting passage (15) interconnecting the 
product chamber (14) and the flow passage at the restriction or 
adjacent thereto so as to allow product to be drawn into the gas flow 
10 passage by ejector effect, 

characterized in a pressure gas source (12) communicat- 
ing with the gas flow passage (17) for briefly providing a superat- 
mospheric pressure in one end of the gas flow passage so as to pro- 
vide a high velocity gas flow through the restriction or throat (18). 

15 2- An inhaler according to claim 1, 

characterized in that the pressure gas source (12) is a 
manually operatable pumping device (21-23) comprising a piamping 
chamber (21) communicating with the gas flow passage (17) , the volxime 
of the pumping chamber being reducible by operating the pumping 

20 device, 

3, An inhaler according to claim 2, 

characterized in that the pumping chamber (21) is total- 
ly or partly defined by a displaceable (22) or deformable (40) wall 
part, 

25 4. An inhaler according to claim 3, 

characterized in manually operatable means (25, 31, 41) 
for moving said wall part (40) . 

5- An inhaler according to claim 3 or 4, 

characterized in that the moving means or the movable 
30 wall part of the pumping chamber comprises spring means, which may be 
pres tressed, 

6 , An inhaler according to claim 5 , 
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characterized In that the deformable wall part comprises 
a curved, springy diaphragm- like wall part (40) movable between two 
stable positions, in which the wall part is convexly and concavely 
curved, respectively. 

5 7.. An inhaler according to claim 3 or 4, 

characterized in a manually operatable valve (34-36) 
arranged between the pumping chamber (21) and the restriction (18) 
for closing the gas flow passage (17) . 

8. An inhaler according to any of the claims 1-7, 

10 characterized in that the product chamber is a metering 
chamber (14) connected or connec table to a product reservoir arranged 
within the inhaler. 

9 . An inhaler according to claim 8 , 

characterized in that the metering chamber (14) is 
15 connected or connectable to the product reservoir (11) via openings 
in a sieve- or grid- like wall part, 

10. An inhaler according to any of the claims 1-9, 

characterized in that the restriction (18) of the gas 
flow passage (17) opens into one end of a mixing chamber (16, 29), 
20 the other end of which is connected to a mouth piece (20) . 

11. An inhaler according to any of the claims 1-10, 
characterized in that the diameter of the restriction 
(18) of the gas flow passage is 0.1-1 mm and preferably 0.7-0.8 mm. 
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